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"Saliwanchik, Lloys & Saliwanchik" 
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"(Nordhoffet al." 
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-(Nordhoffet al.~ 
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Column 3, line 9 : 
"(Potieret al." 
Column 5, line 61 : 
"2'-OII" 

Column 9, lines 25-27 : 

"2'-OH<formyl(— C(0)H)<acetyl(— (0)CH 3 ) 
<propanoyl (— (— C(0)CH 2 CH 3 )<butanoyl 
(— C(0)CH 2 CH 2 CH 3 )" 

Column 14, line 61 : 

"TIIF" 

Column 21, line 12 : 
"(lOpmol)" 
Column 22, line 17 : 
"(65 pmol)" 

Patent Reads : 

Column 27, line 63 : 

"Ci-C 36 C|-C 36 aminoalkanoyl" 
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Page 5, line 16 : 

--(Potier et al.~ 

Page 11, lines 22-23 : 

~2'-OH~ 

Page 19, lines 8-9 : 

-2' -OH < formyl (— C(O)H) < acetyl 

(— C(0)CH 3 ) < propanoyl (— C(0)CH 2 CH 3 ) 

< butanoyl (— C(0)CH 2 CH 2 CH 3 )~ 

Page31,line 18 : 

-THF-- 

Page 45, line 6 : 

-(10 fxmol)-- 

Page 47, line 1 1 : 

--(65 umol)--. 
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page 3 (original claim 58), line 5 : 

-Ci-C 36 aminoalkanoyl-. 
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using mass spectrometry because a large amount of RNA 
degradation occurs during the analytical process. 



However, RNA (tRNA) up to 142 nucleotide^ (Nordhoff et 



al ./) (1993) Nucleic Acids Res. 21:3347 ; Gruic-Sovul j et 
""""TiTT (1997) Nucleic Acids Res. 25:1859; Tolson and 
Nicholson (1998) Nucleic Acids Res. 26:446) and double 
stranded DNA up to 500 base-pairs (Bai et al. (1995) Rapid 
Comm. Mass Spectrom. 9:1172; Taranenko et al . , (1998) 
Nucleic Acids Res. 26:2488; Ausdall and Marshall (1998) 
Anal. Biochem. 256:220) have been measured using MALDI 
mass spectrometry (for reviews see; Smith (1996) Nat. 
Biotech. 14:1084; Murray (1996) J. of Mass Spectrom. 
31:1203. Phosphate (Schuette et al . , (1995) J. Pharm. 
Biomed. Anal. 13:1195; Sinha et al . , (1994) Nucleic Acids 
i Res. 22:3119) and chemically modified oligonucleotides 
^ Potleret a lT^)(1994 ) Nucleic Acids Res . 22 : 3895) have 
also been measured using mass spectrometry. 



Although there is a molecular weight limitation to a 

20 few hundreds of nucleotides when using mass spectrometry, 
it provides a simple, automated means to accurately 
determine the exact molecular weight and therefore the 
percentage modification of a polynucleotide. 
Optimisation relies on a number of factors such as the 

25 type of mass spectrometry being carried out 

(electro-spray, MALDI -TOF etc), the method used to 
purify the modified RNA from the modification reaction, 
the size of the polynucleotide, the ionization matrix 
used, the method used to remove cations from the RNA, 

30 positive or negative ion mode and the voltage strength 
used (Fenn et al., 1989) Science 246:64). Capillary 
high performance liquid chromatography can be used 
prior to mass spectrometry of RNA because desalting 
and other purification steps are not required prior 

35 to ionization (Taniguchi and Hayashi (1998) Nucleic 
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thymine) , to identical reaction conditions as used for 
RNA. It is expected that the DNA is not substantially 
modified as measured by incorporation of radioactivity, 
gel electrophoresis mobility, mass spectrometry, HPLC or 
5 any other analytical means used if the reaction is 
regiospecif ic for the 2' -OH group. 



Modification at the 2'-0H position is preferably 
substantially regiospeci f ic . Thus, there is preferably 

10 substantially no modification of the bases, 

phosphodiester bonds and/or any other position within 
the RNA chain. In this way, the polynucleotide retains 
important properties of the RNA. For example, 
advantageously, the polynucleotide is preferably modified 

15 so that a single strand of the polynucleotide is 

replicable by a nucleic acid polymerase to generate a 
second strand of polynucleotide complementary to the 
single strand. 



The modification at the 2'-OH position may be such that 
20 the entire OH of the 2'C of the ribose ring is replaced 
by a reactant group R as in 2'-R or by OR having 2'-OR 
where the -0- group may or may not originate from zhe^2/-^ 
""qh^ group . Accordingly, the substituent at the 2' -OH 
position in this case is R or OR respectively. 

25 

Various reactants or reactant combinations may be used, 
optionally in the presence of a catalyst, to provide 
these substituents , as described in further detail in the 
Examples below. Advantageously, the reactant comprises an 
30 acid anhydride, an acid halide, an acyl cyanide, a 

carboxylic acid or an N-acylimidazole , an alkoxyalkyl 
halide, an alkylthioalkyl halide, an alkoxyalkoxyalkyl 
halide, a trialkylsilane halide or a trialkylsilane 



hydrophilic PVDF filters to purify RNA has already 
been described in U.S. Patent 5,958,677 (Sept. 99). 
However, this describes only the binding of RNA, which is 
in its unaltered form is a weakly hydrophobic molecule. 
Modified RNA molecules of increasing hydrophobicity can 
be created, as discussed above, by adding acyl groups of 
increasing chain leng th. Hydrophobicity increases in. the 
order : ^'^-0H< formy l (-C(O)H) < acetyl (-C(0)CH 3 ) < proj pjmoyj. 
7^C(0)CH 2 CH 3 ) < butanoyl (-C (0) ChTcHzChT^, i.e. according to 
ThlT^oarbon chain length. Longer chain lengths than 
butanoyl were not tested but would be expected to 
follow the same trend. The increase in the strength 
of the hydrophobic interaction was tested by 
binding RNA and modified RNA to a polyvinylidene 
fluoride (PVDF) membrane and subjecting the bound 
material to increasingly stringent wash conditions (see 
Examples) . 

The reagent modifying the RNA 2' -OH group may be either 
free in solution or attached to a solid phase. In a 
particularly preferred aspect of this invention, a 
solid phase is employed. In this embodiment, the solid 
phase is not the same as the hydrophobic solid phase 
described above and is used as a reactant so that the solid 
phase itself is introduced as the substituent modifying 
the RNA (note the hydrophobic solid phase is employed 
only after the RNA is modified with a hydrophobic 
substituent). When using a solid phase, the 
modification reaction will lead to the covalent 
attachment of the RNA to the solid phase. This 
provides a convenient means to immobilize RNA to a 
solid phase in order to purify or analyze it. For 
example, RNA will be preferentially bound to the solid 
phase from a RNA, DNA and protein mixture such as a cell 
lysate or serum. 
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final concentration of 25ng per microlitre enhanced RNA 
binding, possibly by increasing the apparent 
concentration of the RNA. Other volume excluding 
compounds such as polyethylene glycol may also enhance 
5 RNA binding. 

Addition of detergents and chaotropes: 

In order to increase specific RNA binding whilst reducing 
protein binding, detergents were added to a 

10 reaction containing BCPB beads in different solvents. 
It was found that the addition of a final 
concentration of 1% SDS in DMSO or THF increased the 
amount of RNA bound to BCPB by 33% and 42% 
respectively whilst 1% SDS in DMF or toluene markedly 

15 reduced RNA binding. It was also found that except for 
toluene, a final concentration of 1% SDS increased the 
amount of 35 S labeled cellular protein bound to BCPB in 
DMF , DMSO and ^Hf) by 6.8, 2.3 and 1.85 times respectively 
that of a parallel reaction containing no added SDS. 

20 EDPA, pyridine or water led to low levels of RNA 
binding . 

It was found that addition of 150mM sodium perchlorate 
(final concentration) to 40)0.1 DMSO containing 3mg BCPB 

25 beads, lOug BSA and 20ng of radiolabelled RNA increased 
the amount of RNA bound by 2 . 3 fold. Even lower sodium 
perchlorate concentrations of 1 . 5mM and 15mM (final 
concentration) increased RNA binding by 1.11 and 1.33 
fold respectively. This effect was not caused by the 

30 high salt concentration because a parallel reaction 

containing 125mM NaCl instead of sodium perchlorate bound 
30% less RNA . 

The addition of sodium perchlorate also increases the 
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modification reaction: 



2mg of BCPB beads were added to 40fil of THF and then 
512ng of BMV RNA (Promega, US) in 2^1 of water was added 
5 and briefly vortexed then incubated for lOmin at 22°C. 
1 ^l ^n^^cjl^ of acetic anhydride was then added in 20ul 
of THF containing 180ug of DMAP . The reaction was 
allowed to proceed for a further 5 min at 22°C and 
then stopped with 200ul of 70% ethanol and the beads 
10 collected by centrif ugation at 3000rpm for 5sec and then 

washed a second time in 70% ethanol and twice in 200ul of 
water before being resuspended in 20ul of water. The 
secondary reactant such as acetic anhydride or acetic- 
formic anhydride could also carry various labels such 
15 as 14C or 3H allowing the amount of RNA to be 

determined using a scintillation measurement of the 
washed RNA-bead complex. Alternatively, the secondary 
reactant could be fluorescent such as isatoic or N- 
methylisatoic anhydrides or carry a label such as 
20 biotin permitting quantification of the amount of RNA bound 
to the bead. The secondary reactant would be expected 
to modify at least 75% or more of the 2' -OH groups so that 
the RNA is protected from degradation from for example 
ribonucleases . However, the secondary modification 
25 could also provide a means for a second purification 
step. For example the secondary reactant could contain a 
hydrophobic group or a ligand such as biotin for binding 
to a streptavidin bead. On release from the first 
solid phase such as BCPB beads the RNA would be specifically 
30 bound to a hydrophobic surface such as dodecyl-agarose 
beads . 
Example 5 

Probe hybridization to RNA immobilized on BCPB beads 
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reactant and a probe representing a viral sequence 
hybridized to the RNA-bead complex. The amount of probe 
hybridized to the bead would indicate the amount of viral 
RNA in the starting material. 



Example 6 

Use of bifunctional acid chlorides to immobilize RNA 
To 5M-1 of QIAEX silica particles (Qiagen, Germany) in 
water was added 100^1 of tetrahydrof uran (THF) and the 
particles washed once by centrif ugation andthen 
resuspended in 40^1 of THF containing 15^1(^65^01)) of 
sebacoyl chloride and the reaction incubated at 22°C for 
3hrs. The particles were then washed twice in 100(11 of 
THF in order to remove unreacted sebacoyl chloride and 
then resuspended in 20ul of THF. The sebacoyl chloride at 
this stage is covalently attached to the silica particles 
in such a way that there is one unreacted acid chloride 
group free to react with the RNA which is added to 20ul 
of the particles in l|il of water. The reaction is allowed 
to proceed at 22°C for 30 minutes and then the particles 
washed with 200ul of 70% ethanol and twice in 200(11 of 
water . Non - b a S ic solvents are preferred so that the RNA 
is not degraded during the course of the reaction. 
Suitable solvents include THF, dimethyl sulphoxide and 
dimethyl formamide. Catalysts such as DMAP, 4- 
pyrrolidinopyridine, other aminopyridine catalysts, 
tetrabutylammomum fluoride or t ributylphosphine may be 
used in catalytic quantities during the reaction. The 
covalently immobilized RNA can then be used for a 
) variety of downstream applications such as RT-PCR 
amplification, hybridization and NASBA, 



Example 7 
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Title page, "Saliwanchik, Lloys & Saliwanchik" should read 
--Saliwanchik, Lloyd & Saliwanchik--. 

Column 2, 

Line 4, "(Nordhoffet al." should read --(Nordhoff et al.--. 
Column 3, 

Line 9, "(Potieret al." should read --(Potier et al.— . 
Column 5, 

Line 61, "2'-OII" should read -2'-OH~. 
Column 9, 
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